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ANNEALING OF SILICON OXYNITRIDE 
AND SILICON NITRIDE FILMS TO 
ELIMINATE HIGH TEMPERATURE 

CHARGE LOSS 

RELATED CASE 

Semiconductor devices With tungsten damascene local 
interconnects having a hydrogen getter layer and a loW 
hydrogen content LI etch stop layer. Inventors: Sunil Mehta, 
Radu Barsan, Xiao-Yu Li. This case is herein incorporated 
fully by reference. 

FIELD OF THE INVENTION 

This invention relates generally to semiconductor devices 
With plasma nitride or plasma oxynitride ?lms, and more 
speci?cally, to high performance semiconductor devices 
With plasma nitride or plasma oxynitride ?lms. 

BACKGROUND OF THE INVENTION 

Future development in the semiconductor industry 
focuses on increasing the speed of and decreasing the siZe of 
integrated circuits. The requirements for speed and minia 
turiZation are met by increasing the density of elements in 
those integrated circuits. These tWo requirements have thus 
become major goals in designing and manufacturing efforts 
concerned With MOSFETs and other semiconductor devices, 
including both volatile and non-volatile memory devices. 
MOSFETs are metal-on-silicon ?eld effect transistors 

composed of source and drain regions separated by a gate 
consisting of gate oxide overlaid With gate metal. Applica 
tion of a voltage to the gate metal causes the formation of an 
electrical ?eld underneath the gate metal Which forms an 
electrically conductive channel in the semiconductor mate 
rial underneath the gate, permitting the How of current 
through the channel from the source to the drain region. 

Increasing the density of elements in integrated circuits 
means that smaller channel lengths and Widths must be used. 
As the dimensions of semiconductor devices decreases, the 
existing “long-channel” performance models for MOSFET 
devices predicted that a decrease in the channel length, L, or 
in the gate oxide thickness Tex, Would increase the saturation 
current, IDSAT. HoWever, as MOSFET devices Were scaled 
beloW approximately 2 pm, effects not predicted by the long 
channel models Were observed and Were thereafter termed 
“short-channel” effects. 
As device dimensions of MOSFETs continued to 

decrease, it became apparent that problems associated With 
the short-channel effects could be placed in tWo general 
categories: (1) the problem of increased leakage current 
When the MOSFET is off, and (2) reliability problems 
associated With short-channel and thin gate oxide device 
structures. 

Some of the reliability problems that arise in short 
channel and thin gate oxide MOSFETs include: (1) thin gate 
oxide breakdown, (2) device degradation due to hot-carrier 
effects, and (3) reliability problems associated With inter 
connects betWeen MOSFETS. One of the major problems 
associated With semiconductor devices other than MOS 
FETs involves high-temperature data retention in nonvola 
tile memory cells. The tWo problems that are of particular 
interest are device degradation due to hot-carrier effects and 
high temperature data retention problems in nonvolatile 
memory cells. 

The characteristics of the Si—SiO2 interface determine to 
a great extent, the functioning of the gate dielectric. Astudy 
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2 
of the structure of the interface has resulted in the develop 
ment of the concept of “surface states” and interface trapped 
charge, Which affect the threshold voltage of MOSFET 
devices. 

The term “surface states” refers to electronic energy states 
that arise in a crystal if the crystal lattice is terminated at a 
surface such as that existing at the Si—SiO2 interface. A 
theory Which may account for surface states is the postulated 
existence of “dangling bonds.” Dangling bonds are locations 
at Which atoms do not have adjacent atoms to share available 
bonds. These surface states are con?ned to the region 
adjacent to the surface or to the interface. According to this 
theory, each of the surface states is associated With a single 
atom at the surface or the interface, and therefore, an 
electron occupying one of the surface states is considered to 
be localiZed because the electron is forced to remain in a 
restricted region of space centered around the atom. Because 
such surface states effectively trap free carriers at the surface 
or at the interface, they are also called “interface traps.” 
Although the electrical behavior of the interface traps can be 
predicted, the physical origin of the surface states is not 
knoWn exactly. 

In an ideal Si—SiO2 interface, all of the Si bonds at the 
interface can be used for the formation of SiO2. HoWever, 
this ideal state is never attained in reality, and if only a small 
number of these Si bonds are not used for forming SiO2, a 
signi?cant number of surface states can exist. This is 
because, on a silicon surface, there are as many as 6.8><1014 
Si atoms per cm2. If, for example, there are 1/1000 of these 
bonds left dangling, the density of charges trapped at the 
interface is approximately 6.8><1011/cm2. With a gate oxide 
thickness of 20 nanometers (nm), this number of dangling 
bonds can cause a threshold voltage to shift by approxi 
mately 0.63 volts. This example indicates that if the dangling 
bond theory is correct, a relatively small number of residual 
dangling bonds can signi?cantly perturb the device charac 
teristics. These dangling bonds can be created by injection of 
energetic carriers, also called hot carriers, into the gate 
oxide. 

The hot-carrier effects are of increasing importance When 
MOSFETS are scaled into the submicron range. The hot 
carrier effects are increased When the MOSFET device 
dimensions are reduced and the supply voltage remains 
constant or is not reduced in proportion to the reduction in 
the device dimensions. As a result of increased current 
density, the lateral electric ?eld density in the channel 
increases, Which causes the inversion-layer charges to be 
accelerated (or heated) to an extent that they cause a number 
of harmful device phenomena. The most important of these 
hot-carrier effects is the damage in?icted to the gate oxide 
and the Si—SiO2 interface. This leads to a time-dependent 
degradation of various MOSFET characteristics, including 
increased threshold voltage, decreased linear region 
transconductance, and decreased saturation current. 

Thus, the lifetimes of conventional MOSFET structures 
subjected to such degradation may be reduced beloW the 
generally accepted benchmark of 10 years. This degradation 
has been observed in NMOS devices With channel lengths 
smaller than 1.5 pm, and in PMOS devices With submicron 
channel lengths. Because of the hot-carrier effects, it is 
imperative to develop techniques to counteract this problem. 
One of the approaches to reducing hot-carrier effects is to 

attempt to hydrogenate dangling bonds by annealing in 
hydrogen environment at approximately 400° C. This is 
normally the last step prior to assembly and packaging of 
integrated circuits. This hydrogen annealing step is done to 
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permit hydrogen to penetrate into the gate oxide and bond 
With the Si—SiO2 at the interface, thus forming Si—OH 
bonds. 

However, the Si—H or Si—OH bonds can be easily 
broken by electrons injected as a result of hot-carrier 
phenomena, giving rise to free hydrogen ions, Which diffuse 
throughout the interface and cause increased bond-breaking 
behavior rather than enhancing the stability of the dangling 
bonds. 

Moreover, there are problems With high-temperature data 
retention in nonvolatile memory cell arrays such as 
EPROMs, FLASH EPROMs, and E2PROMs. This poor 
high-temperature data retention may be due to mobile 
hydrogen atoms that diffuse to the ?oating gate in a non 
volatile memory cell and cause the charge on the ?oating 
gate to be lost. 

One measure of date retention is the charge loss (AVTE) 
measured after baking the devices at 250° C. for 24 hours. 
The typical standard for the maXimum acceptable charge 
loss is 0.1 V over 24 hours. 

The reduced memory cell siZe and high-performance 
logic circuits has necessitated the use of a borderless local 
interconnect structure and trench isolation. The prior art 
developed a loW-temperature, damascene-tungsten local 
interconnect for a 0.25 pm channel CMOS technology With 
trench isolation. Once such prior art structure is described in 
“A LoW-Temperature Local Interconnect Process in a 0.25 
pm-channel CMOS Logic Technology With ShalloW Trench 
Isolation” by J. Givens et al, VMIC Conference 103:43—48 
(1994). Other applications of nitride and oXynitride layers 
are as barrier or etch stop layers, even When local intercon 
nects are not present. 

HoWever, the prior art includes the use of silicon nitride 
?lms that have high hydrogen content as etch stop layers. 
The high hydrogen content causes problems discussed in the 
article “Effects of Silicon Nitride Encapsulation on MOS 
Device Stability” by R. C. Sun et al, IEEE 80:244—251 
(1980). This article describes a neW threshold instability 
phenomenon observed in MOS transistors encapsulated With 
plasma deposited silicon nitride ?lms and describes a series 
of experiments Which indicated that the instability Was due 
to a chemical effect associated With hydrogen in the silicon 
nitride ?lm. The article postulated that the formation of 
surface states and ?Xed charges in the channel region Was 
due to the interaction of hot carriers With hydrogen present 
at the interface and Was the basic mechanism causing the 
instability. 

One attempted solution to this problem is the use of loW 
pressure (LP) CVD to deposit etch stop layers. The tem 
perature of this process can be high, in the range of 800° C. 
Although this high temperature removes free hydrogen from 
the nitride layers, LPCVD places large stresses on the ?lm 
layer, making it susceptible to cracking. 

Therefore, What is needed are loW residual stress semi 
conductor devices that have loW amounts of free hydrogen 
and methods of manufacturing such loW residual stress, loW 
hydrogen content semiconductor devices. 

SUMMARY OF THE INVENTION 

Thus, one object of the present invention is the develop 
ment of semiconductor devices containing loW amounts of 
free hydrogen. 
An additional object of the invention is the development 

of methods to reduce the amount of free hydrogen in 
semiconductor devices. 
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4 
Thus, the invention is directed to the methods of manu 

facture of semiconductor devices containing the loW 
amounts of free hydrogen and to devices With loW free 
hydrogen. 
One aspect of the invention is a semiconductor device 

With an etch stop or barrier layer formed on a semiconductor 
device Wherein the etch stop or barrier layer is a high 
temperature PECVD silicon nitride ?lm, and Wherein the 
device is subjected to a high-temperature annealing step to 
remove residual hydrogen from the device. 

Another aspect of the invention is a semiconductor device 
With an etch stop or barrier layer formed on a semiconductor 
device Wherein the local interconnect etch stop layer is a 
high temperature PECVD silicon oXynitride ?lm, Wherein 
the device is subjected to a high-temperature annealing step 
to remove residual hydrogen from the device. 

Yet another aspect of the invention is a semiconductor 
device With an etch stop or barrier layer formed on a 
semiconductor device Wherein the etch stop or barrier layer 
is a high temperature loW pressure (LP) CVD nitride ?lm, 
Wherein the device is subjected to a high-temperature 
annealing step to remove residual hydrogen from the device. 

Yet another aspect of the invention is the use of nitride 
and/or oXynitride layers are as an etch stop or barrier layer, 
even When local interconnects are not present. 

An additional aspect of the invention is a method for 
removing free hydrogen from a semiconductor device by 
using a high-temperature annealing step after the deposition 
of an etch stop or barrier layer. 
The present invention is better understood upon consid 

eration of the detailed description beloW, in conjunction With 
the accompanying draWings. As Will become apparent to 
those skilled in the art from this description, the embodi 
ments contained herein of this invention are simply by Way 
of illustration, and are not limiting to the scope of the 
invention. Other embodiments are possible Which are Within 
the scope of the invention. 

Additionally, there may be other theories Which may 
account for the observations and problems solved by the 
present invention. Thus, the invention is not dependent upon 
any particular theory. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a depiction of a non-volatile memory cell Which 
has a ?oating gate, a ?oating gate protect layer and is 
covered by an etch stop or barrier layer. 

FIG. 2 is a depiction of a semiconductor device manu 
factured in accordance With this invention, having an etch 
stop or barrier layer before the manufacture of an electrical 
connection. 

FIG. 3 is a depiction of the semiconductor device of FIG. 
2 Wherein an area of photoresist has been removed to eXpose 
underlying structures prior to manufacture of an electrical 
connection. 

FIG. 4 is a depiction of the semiconductor device of FIGS. 
2 and 3, Wherein an electrical connection has been manu 
factured. 

FIG. 5 is a depiction of a semiconductor device having an 
etch stop or barrier layer manufactured according to this 
invention, before creation of a local interconnect. 

FIG. 6 is a depiction of the semiconductor device of FIG. 
5, Wherein an area of photoresist has been removed to 
eXpose underlying structures prior to manufacture of a local 
interconnect. 

FIG. 7 is a depiction of the semiconductor device shoWn 
in FIGS. 4 and 5, Wherein a local interconnect has been 
manufactured. 
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FIG. 8 shows the results of testing semiconductor devices 
of this invention manufactured Without a phosphorous 
doped ?oating gate protect layer. 

FIG. 9 shoWs the results of testing semiconductor devices 
of the this invention manufactured With a phosphorous 
doped ?oating gate protect layer. 

DETAILED DESCRIPTION 

The present invention solves the problems described 
above by providing a method for removing free hydrogen 
from semiconductor devices. A high temperature CVD) 
process is used to deposit the etch stop or barrier layer. 
Plasma enhanced (PE) CVD process using silicon nitride, or 
silicon oXynitride may be used. The temperature of this 
CVD process is about 480° C. 

To remove free hydrogen from an etch stop layer, the 
device is heated in a substantial vacuum to a temperature 
above about 500° C., preferably in the range of about 725° 
C. to about 775° C., and most preferably at approximately 
750° C. For furnace heating, a duration of about 1 h is 
suitable, and for rapid thermal processing (RTP) only about 
1 minute is needed. The eXact times required can be deter 
mined for each type of heater and for the speci?c conditions 
of use. Such determinations are Within the abilities of 
Workers of ordinary skill in the art, and do not require undue 
experimentation. 

This approach is not obvious in light of the prior art, 
Which introduces hydrogen into the etch stop or barrier 
layers during both the deposition of the etch stop or barrier 
layers, and during the annealing step to reduce the number 
of dangling bonds. 

The etch stop or barrier layers of this invention can be up 
to 2000 A in thickness. For applications in Which the end 
result is protection of silicide, the thickness of the etch stop 
layer should be about 350 A, and for FGP applications, a 
thickness of about 1000 A is desired. The thickness can be 
optimiZed to suit the particular needs of the manufacturer. 

This process is useful for any application in Which the 
affected device can Withstand the high temperatures 
required. For example, tungsten-damascene, spin-on glass 
(SOG) and other uses involving loW dielectric constant 
materials and a nitride or oXynitride layer can be improved 
using the high temperature annealing process of this inven 
tion. 

One embodiment of this invention is shoWn in FIG. 1. A 
semiconductor device 100 is manufactured on a semicon 
ductor substrate 102 With the ?eld oXide regions 104 and 
106. The ?eld oXide regions 104 and 106 regions are formed 
by locally oXidiZing silicon (LOCOS) methods knoWn in the 
art and Will not be discussed further. Alternatively, electrical 
isolation can also be achieved by forming shalloW trench 
isolation regions. The semiconductor device 100 has a 
?oating gate 108, typically a polysilicon gate, separated 
from the semiconductor substrate by a gate oXide layer 110 
With the sideWall spacers 112 and 114 formed on each side 
of the ?oating gate 108. The lightly doped drain (LDD) 
regions 116 and 118 are formed in the semiconductor 
substrate 102. The LDD regions 116 and 118 are typically 
formed by masking regions of the device 100 and implanting 
selected ions into the substrate 102. The formation of the 
LDD regions is typically done before the formation of the 
sideWall spacers 112 and 114. Ions that can be used to form 
LDD regions are phosphorous ions at a concentration of 
about 1013 ions per cm2. The methods of implanting ions are 
Well knoW in the semiconductor manufacturing art and Will 
not be discussed further. 
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6 
The ?oating gate is overlain With a ?oating gate protect 

(FGP) 124, conventionally being an un-doped oXide layer, 
but in this invention, the FGP layer is chosen to be a 
hydrogen getter layer. The purpose of the “getter layer” 124 
is to trap free hydrogen ions Which are released during use 
of the semiconductor device, and to protect underlying areas 
from forming silicide layers in subsequent processing steps. 
The hydrogen getter layer 124 is a ?lm such as a phospho 
silicate glass (PSG) ?lm, a borophosphosilicate glass 
(BPSG) ?lm, a phosphorus-doped tetraethylorthosilicate 
(PTEOS) deposited oXide ?lm, or a borophosphorus-doped 
tetraethylorthosilicate (BPTEOS) deposited oXide ?lm. The 
hydrogen getter layer 124 has a thickness of betWeen 500 A 
and 2000 The portion of the device 100 is only one 
portion of the entire device, and the hydrogen getter layer 
124 is formed over the surface of the entire device. The 
hydrogen getter layer 124 is removed in those areas Where 
silicide layers are to be formed. The hydrogen getter layer 
124 is not removed from those areas Where silicide forma 
tion is not desired. When a hydrogen getter layer is com 
bined With the high temperature anneal of this invention, the 
reliability and high temperature stability of the resulting 
devices is maXimiZed. After deposition of the hydrogen 
getter layer 124, an etch stop or barrier layer 132 is depos 
ited. This layer could be a barrier layer for conventional 
contacts described beloW in FIGS. 2—4, or could be an etch 
stop layer for local interconnect as described beloW in FIGS. 
5—7. 

After deposition of the etch stop or barrier layer 132, the 
device is subjected to the high temperature anneal step. The 
Wafers may be batch heated in a conventional furnace type 
heater for periods of about 1 hour at temperatures above 
about 500° C., preferably in the range of about 725° C. to 
about 775° C., an most preferably at about 750° C. 
Alternatively, a cluster tool comprising a rapid thermal 
processing (RTP) station may be used to anneal the Wafer. In 
this embodiment, the duration of eXposure to the RTP 
process may be about 1 minute. 

Another embodiment of this invention is shoWn in FIG. 2. 
A non-volatile memory cell 200 is manufactured on a 
semiconductor substrate 202 With the ?eld oXide regions 204 
and 206. The ?eld oXide regions 204 and 206 regions 
(LOCOS) are manufactured using methods knoWn in the art 
and Will not be described further. Alternatively, electrical 
isolation can also be achieved by forming shalloW trench 
isolation regions. The semiconductor device 200 has a gate 
208, typically a polysilicon gate, separated from the semi 
conductor substrate by a gate oXide layer 210 With the 
sideWall spacers 212 and 214 formed on each side of the 
?oating gate 208. The lightly doped drain (LDD) regions 
216 and 218 are formed in the semiconductor substrate 202. 
The LDD regions 216 and 218 are typically formed by 
masking regions of the device 200 and implanting selected 
ions into the substrate 202. The formation of the LDD 
regions is typically done before the formation of the sideWall 
spacers 212 and 214. Ions that can be used to form LDD 
regions are phosphorous ions at a concentration of about 
1013 ions per cm2. The methods of implanting ions are Well 
knoW in the semiconductor manufacturing art and Will not 
be discussed further. 
A source region 220 and a drain region 222 are thereafter 

formed in the semiconductor substrate 202. The formation of 
these regions is typically done by ion implantation of 
appropriate ions and the methods are Well knoWn in the 
semiconductor manufacturing art and Will not be discussed 
further. The concentration of ions in the source and drain 
regions 220 and 222 is greater than the concentration of the 
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ions in the LDD regions 216 and 218, and thus, the functions 
of the LDD regions 216 and 218 are subsumed by the source 
and drain regions 220 and 222. Ions that are typically 
implanted into the source and drain regions 216 and 218 are 
arsenic ions at a concentration of about 1015 ions per cm2. 
It should be appreciated that other ions can be used to form 
either the LDD regions or the source and drain regions. 

Asource silicide layer 226 is formed on the source region 
220, a drain silicide layer 228 is formed on the drain region 
222, and a gate silicide layer is formed on the gate 230. 
Silicide layers are typically titanium silicide, TiSi2, or cobalt 
silicide, CoSi2, and are formed by methods Well knoWn in 
the semiconductor manufacturing art and Will not be dis 
cussed further. 
A barrier or etch stop layer 232 is formed on the entire 

semiconductor device 200. The barrier or etch stop layer 232 
is formed by a high temperature (480° C. or higher) plasma 
CVD process Which deposits a ?lm of silicon nitride or 
silicon oXynitride or, alternatively, by an LPCVD process 
Which deposits a silicon nitride ?lm. The barrier or etch stop 
layer 232 is used to protect underlying features of the 
semiconductor device 200 from the typical etch materials 
used to etch silicon dioxide. 

After deposition of the barrier or etch stop layer 232, the 
device is then eXposed to the high temperature anneal 
process of this invention. 

After annealing, the device 200 is coated With a dielectric 
material 234 formed on the semiconductor device 200. The 
dielectric material 234 electrically insulates the underlying 
portions of the device 200 from other elements that may be 
manufactured above the dielectric layer 234. It is important 
that the high temperature annealing process be carried out 
before a cap layer of SiO2 dielectric is deposited on the 
device. Acap layer effectively traps free hydrogen, prevent 
ing its escape during subsequent processing steps. 
Therefore, for each layer of device structure, a separate 
anneal step must be performed to take advantage of decreas 
ing the free hydrogen of the etch stop or barrier layer. The 
dielectric layer is planariZed using chemical mechanical 
planariZation, typically done by chemical mechanical pol 
ishing (CMP). 

FIGS. 3 and 4 shoW the formation of an electrical contact 
by subsequent processing of the semiconductor device 300. 
Like numerical designations are used in FIGS. 3 and 4 for 
like elements as shoWn in FIG. 2. In FIG. 3, after depositing 
the dielectric 234, the Wafer is etched to create a channel 302 
through the dielectric 234, eXposing the drain silicide layer 
228. The channel 302 alloWs electrical contact betWeen 
selected portions of the underlying device 228 and selected 
portions of any device manufactured above the dielectric 
layer of the device 300. 

FIG. 4 shoWs the subsequent formation of a conventional 
contact. An adhesive layer 437 is deposited in the channel 
302. The adhesive layer 437 is made of Ti, TiN, or any other 
adhesive material knoWn in the art. Subsequently, a tungsten 
plug 404 is then deposited using conventional CVD 
approaches to make an electrical connection With the drain 
silicide layer 228, other portions of the same layer of the 
device 300, or any other device manufactured above the 
dielectric layer 234. After tungsten deposition, the surface of 
the Wafer is polished using conventional methods, resulting 
in a tungsten plug 404 contact. 

Another embodiment of this invention Which has a local 
interconnect is shoWn in FIGS. 5—7. FIG. 5 shoWs a non 
volatile memory cell similar to that shoWn in FIG. 2. Like 
elements are given the same numbers as in FIG. 2. A 
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8 
semiconductor device 500 is manufactured on a semicon 
ductor substrate 202 With the ?eld oXide regions 204 and 
206. The ?eld oXide regions 204 and 206 regions are formed 
by locally oXidiZing silicon (LOCOS) methods knoWn in the 
art and Will not be discussed further. Alternatively, electrical 
isolation can also be achieved by forming shalloW trench 
isolation regions. The semiconductor device 500 has a gate 
208, typically a polysilicon gate, separated from the semi 
conductor substrate by a gate oXide layer 210 With the 
sideWall spacers 212 and 214 formed on each side of the 
?oating gate 208. The lightly doped drain (LDD) regions 
216 and 218 are formed in the semiconductor substrate 202. 
The LDD regions 216 and 218 are typically formed by 
masking regions of the device 500 and implanting selected 
ions into the substrate 202. The formation of the LDD 
regions is typically done before the formation of the sideWall 
spacers 212 and 214. Ions that can be used to form LDD 
regions are phosphorous ions at a concentration of about 
1013 ions per cm2. The methods of implanting ions are Well 
knoW in the semiconductor manufacturing art and Will not 
be discussed further. 
A source region 220 and a drain region 222 are thereafter 

formed in the semiconductor substrate 202. The formation of 
these regions is typically done by ion implantation of 
appropriate ions and is Well knoWn in the semiconductor 
manufacturing art and Will not be discussed. The concen 
tration of ions in the source and drain regions 220 and 222 
is greater than the concentration of the ions in the LDD 
regions 216 and 218, and thus, the functions of the LDD 
regions 216 and 218 are subsumed by the source and drain 
regions 220 and 222. Ions that are typically implanted into 
the source and drain regions 216 and 218 are arsenic ions at 
a concentration of about 1015 ions per cm2. It should be 
appreciated that other ions can be used to form either the 
LDD regions or the source and drain regions. 
Asource silicide layer 226 is formed on the source region 

220, a drain silicide layer 228 is formed on the drain region 
222, and a gate silicide layer is formed on the gate 230. A 
barrier or etch stop layer 232 is formed on the entire 
semiconductor device 500. Silicide layers are typically tita 
nium silicide, TiSi2, or cobalt silicide, CoSi2, and are formed 
by methods Well knoWn in the semiconductor manufacturing 
art and Will not be discussed further. 
The barrier or etch stop layer 232 is formed by a high 

temperature (480° C. or higher) plasma CVD process Which 
deposits a ?lm of silicon nitride or silicon oXynitride or, 
alternatively, by an LPCVD process Which deposits a silicon 
nitride ?lm. The barrier or etch stop layer 232 is used to 
protect underlying features of the semiconductor device 500 
from the typical etch materials used to etch silicon dioXide. 

After deposition of the barrier or etch stop layer 232, the 
device is then eXposed to the high temperature anneal 
process of this invention. 

After annealing, the device 500 is coated With a dielectric 
material 234 formed on the semiconductor device 500. The 
dielectric material 234 electrically insulates the underlying 
portions of the device 500 from other elements that may be 
manufactured above the dielectric layer 234. It is important 
that the high temperature annealing process be carried out 
before a cap layer of SiO2 dielectric is deposited on the 
device. Acap layer effectively traps free hydrogen, prevent 
ing its escape during subsequent processing steps. 
Therefore, for each layer of device structure, a separate 
anneal step must be performed to take advantage of decreas 
ing the free hydrogen of the etch stop layer. The dielectric 
layer is planariZed using chemical mechanical planariZation, 
typically done by chemical mechanical polishing (CMP). 
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FIGS. 6 and 7 show the formation of a local interconnect 
by subsequent processing of the semiconductor device 600. 
Like numerical designations are used in FIGS. 6 and 7 for 
like elements as shoWn in FIGS. 2—5. In FIG. 6, after 
depositing the dielectric 234, the Wafer is etched to create a 
channel 602 through the dielectric 234, exposing the drain 
silicide layer 228 sideWall 214 and the gate silicide layer 
230. The channel 602 alloWs electrical contact betWeen 
selected portions of the underlying device 600 and other 
portions of the same layer of device 600, such as the 
polysilicon gate silicide layer and the gate 208, or other 
selected portions of any device manufactured above the 
dielectric layer of the device 600. 

FIG. 7 shoWs the subsequent formation of a local inter 
connect in the semiconductor device 700. An adhesive layer 
737 is deposited in the channel 602. The adhesive layer 737 
is made of Ti, TiN, or any other conventional adhesive 
material knoWn in the art. Subsequently, a tungsten plug 704 
is then deposited using conventional CVD approaches to 
make an electrical connection betWeen the drain silicide 
layer 228, other portions of the same layer of the device 700, 
including the polysilicon gate silicide layer 230, or any other 
device manufactured above the dielectric layer 234. After 
tungsten deposition, the surface of the Wafer is polished 
using conventional methods, resulting in a tungsten plug 
contact. 

For applications to aluminum metal lines, the high tem 
perature anneal step should be carried out before placing the 
metal on the substrate (“metaliZation”). The annealing pro 
cess of this invention is ideally suited for any embodiments 
in Which the metal is not melted during the heating step. 
Such metals include, but are not limited to tungsten and 
copper. In these latter applications, anneal steps may be 
performed after metaliZation Without adversely affecting the 
metal lines. Furthermore, in devices using metals Which do 
not melt at the 750° C. temperatures, the annealing step may 
be performed numerous times during fabrication of Wafers, 
and both before or after chemical mechanical polishing of 
intermediate layers of the Wafer. 

EXAMPLES 

Example 1 
Effect of High Temperature Annealing On Temperature 
Stability of Semiconductor Devices 

To determine the effects of high temperature annealing on 
the temperature sensitivity of devices, after their 
manufacture, devices Were subjected to high temperature 
baking (69 hours at 250° C.), and their change in voltage 
(AVTE) Was measured and Was compared to the devices not 
subjected to the high temperature baking. The typical 
requirement is for a voltage drop of less than 0.1 V over 24 
hours. HoWever, the present devices Were subjected to the 
more stringent conditions of baking for 69 hours. Devices 
made With an annealing step of this invention shoW remark 
able high temperature stability. FIG. 8 shoWs the AVTE of 
non-volatile memory cells (EE8 devices lot # C642720 With 
an un-doped ?oating gate protect layer 350 A thick after 69 
hours at 250° C. The AVTE for each device is shoWn, and 
plotted as the cumulative probability for the distribution of 
the data. Acumulative probability of 0.5 represents the mean 
value of AVTE. The E2 memory cells devices With conven 
tional silicon oxynitride etch stop layers (<>) shoW unac 
ceptably large voltage drops, With a mean drop in VTE of 1.8 
V. Similarly, devices incorporating other etch shop layers, 
including oxynitride processed With a rapid thermal anneal 
(RTA) and oxynitride With furnace annealing shoW unac 
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10 
ceptably large voltage drops of about 0.8 V (O) and about 
0.5 V (A), respectively. Even Without the use of getter layers, 
FIG. 8 shoWs that furnace annealing signi?cantly reduces 
the charge loss. 

FIG. 9 shoWs similar plots of AVTE for devices from the 
same lot as shoWn in FIG. 8, but With phosphorous-doped 
FGP layers, and the cumulative probability for the distribu 
tion is shoWn. Acumulative probability of 0.5 represents the 
mean value of AVTE for the tested devices. The E2 memory 
cells With phosphorous-doped FGP layers shoWed much 
loWer voltage drops than the devices With the un-doped FGP 
layer (FIG. 8). Even Without annealing, the AVTE of the 
unannealed oxynitride Was about 0.25 V This is less 
than that observed of the devices With un-doped FGP layer, 
but is still unacceptably high. In contrast, annealing the 
oxynitride on the same devices at high temperatures of this 
invention decreased AVTE to acceptable levels of about 0.1 
V over the 69 h bake at 250° C. These results are 
comparable to those obtained for conventional devices 
manufactured With no etch stop or barrier layer at all. 
The above embodiments are for illustration only, and are 

not intended to limit the scope of the invention. 
The many features and advantages of the present inven 

tion Will become apparent to those of skill in the art through 
understanding of the disclosure, examples, ?gures, and 
claims, and modi?cations of the methods and devices are 
Within the scope of the invention. All references mentioned 
herein are incorporated fully by reference. 

INDUSTRIAL APPLICABILITY 

This invention describes methods for manufacturing 
semiconductor devices With loW free hydrogen etch stop or 
barrier layers With or Without inclusion of hydrogen getter 
layers. The method involves annealing the semiconductor 
device to temperatures in the range of about 725° C. to about 
775° C. The invention also describes semiconductor devices 
made from processes resulting in loW free hydrogen. 
We claim: 
1. Amethod for manufacturing a semiconductor device on 

a semiconductor substrate, comprising: 
(a) forming, at a ?rst temperature, one of an etch stop 

layer or a barrier layer overlying the semiconductor 
substrate; 

(b) annealing the layer formed in said step (a) at a second 
temperature higher than the ?rst temperature to reduce 
the amount of free hydrogen in said layer; and 

(c) forming a cap layer overlying the layer formed in said 
steps (a) and (b) so that free hydrogen remains reduced 
in the layer formed in step 

2. The method of claim 1 Wherein the step of forming one 
of the barrier layer and the etch stop layer further comprises 
forming a ?lm selected from the group consisting of a high 
temperature PECVD nitride ?lm, a high temperature 
PECVD oxynitride ?lm and a high temperature LPCVD 
nitride ?lm. 

3. The method of claim 1 further comprising forming a 
hydrogen getter layer betWeen the semiconductor device and 
at least one of the etch stop layer and the barrier layer. 

4. The method of claim 3, Wherein forming the hydrogen 
getter layer comprises forming a P-doped ?lm. 

5. The method of claim 4, Wherein forming the P-doped 
?lm comprises forming a P-doped ?lm having a thickness in 
the range of about 500 A to about 2000 

6. The method of claim 4, Wherein the P-doped ?lm is 
selected from the group consisting of a PSG ?lm, a BPSG 
?lm, a PTEOS deposited oxide ?lm, and a BPTEOS depos 
ited ?lm. 
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7. The method of claim 1, further comprising forming a 
channel in the cap layer exposing a portion of at least one 
element of the semiconductor device. 

8. The method of claim 7, further comprising forming an 
adhesion layer in the channel in the cap layer. 

9. The method of claim 8, further comprising ?lling the 
channel With a conductor. 

10. The method of claim 9, Wherein the conductor is a 
metal. 

11. The method of claim 10, Wherein the metal is selected 
from the group of tungsten and copper. 

12. The method of claim 1, Wherein multiple layers of at 
least an etch stop layer and a barrier layer are applied. 

13. The method of claim 1, Wherein the annealing step 
comprises heating in a furnace. 

14. The method of claim 1, Wherein the annealing step 
comprises heating With a rapid thermal process. 

15. The method of claim 1, Wherein the annealing step 
comprises heating in a substantial vacuum. 

16. The method of claim 1, Wherein the annealing step is 
at a temperature above about 500° C. 

17. The method of claim 1, Wherein the annealing step is 
at a temperature in the range of about 725° C. to about 775° 
C. 

18. The method of claim 1, Wherein the device has a 
thermal stability coefficient (AVTE) of less than 0.1 V over 
24 h at 250° C. 

19. The method of claim 1, Wherein at least one of the etch 
stop layer and the barrier layer has loW residual stress. 

20. The method of claim 1, further comprising forming an 
electrical connection by: 

forming a channel in at least one of the etch stop layer or 
the barrier layer, 

exposing at least one underlying element, 
forming an adhesive layer in the channel, and 
forming a metal plug in the channel in electrical contact 

With at least the one underlying element. 
21. The method of claim 1, further comprising forming a 

local interconnect by: 
forming a channel in at least one of the etch stop layer or 

barrier layer, the channel exposing at least tWo under 
lying elements; 

forming an adhesive layer in the channel; and 
forming a metal plug in the channel in electrical contact 

With at least tWo of the underlying elements. 
22. A method for manufacturing a barrier layer or an etch 

stop layer for a semiconductor device on a semiconductor 
substrate, comprising: 

(a) forming, at a ?rst temperature, a nitride layer or an 
oxynitride layer overlying said substrate; 

(b) annealing the nitride layer or oxynitride layer formed 
in said step (a) at a second temperature higher than the 
?rst temperature to reduce the amount of free hydrogen 
in said layer; and 

(c) forming a cap layer overlying the nitride layer or the 
oxynitride layer formed in said steps (a) and (b) so that 
free hydrogen remains reduced in the layer formed in 
step 

23. A method for manufacturing a barrier layer or an etch 
stop layer for a semiconductor device on a semiconductor 
substrate, comprising: 

(a) forming, at a ?rst temperature, a layer of a material 
selected from the group consisting of a high tempera 
ture PECVD nitride, a high temperature PECVD oxyni 
tride and a high temperature LPCVD nitride; 
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12 
(b) annealing the layer formed in said step (a) at a second 

temperature higher than the ?rst temperature to reduce 
the amount of free hydrogen in said layer; and 

(c) forming a cap layer overlying the layer formed in said 
steps (a) and (b) so that free hydrogen remains reduced 
in the layer formed in step 

24. Amethod for manufacturing a barrier layer or an etch 
stop layer for a semiconductor device on a semiconductor 
substrate, comprising: 

(a) forming, at a temperature of about 480° C., a layer of 
a material selected from the group consisting of a high 
temperature PECVD nitride, a high temperature 
PECVD oxynitride and a high temperature LPCVD 
nitride; 

(b) annealing the layer formed in said step (a) at a 
temperature of about 500° C. to reduce the amount of 
free hydrogen in said layer; and 

(c) forming a cap layer overlying the layer formed in said 
steps (a) and (b) so that free hydrogen remains reduced 
in the layer formed in step 

25. Amethod for manufacturing a barrier layer or an etch 
stop layer for a semiconductor device on a semiconductor 
substrate, comprising: 

(a) forming, at a ?rst temperature, a layer of a material 
selected from the group consisting of a high tempera 
ture PECVD nitride, a high temperature PECVD oxyni 
tride and a high temperature LPCVD nitride; 

(b) annealing the layer formed in step (a) at a second 
temperature higher than the ?rst temperature, in a 
substantial vacuum to reduce the amount of free hydro 
gen in said layer; and 

(c) forming a cap layer comprising a dielectric material 
overlying the layer formed in said steps (a) and (b) so 
that free hydrogen remains reduced in the layer formed 
in step 

26. A method for manufacturing a semiconductor device, 
comprising: 

(a) forming a region of gate oxide on a semiconductor 
substrate; 

(b) forming a gate on the gate oxide; 
(c) forming sideWall spacers on each side of the gate; 
(d) forming a layer of material selected from the group 

consisting of a PSG ?lm, a BPSG ?lm, a PTEOS 
deposited oxide ?lm, and a BPTEOS deposited ?lm 
over said gate; 

(e) forming, at a temperature of about 480° C., a layer of 
material selected from the group consisting of a high 
temperature PECVD nitride ?lm, a high temperature 
PECVD oxynitride ?lm and a high temperature 
LPCVD nitride ?lm after step (d); 

(f) annealing the layer formed in step (e) in a substantial 
vacuum and at a temperature in the range of about 725° 
C. to about 775° C. to reduce the amount of free 
hydrogen in said layer; 

(g) forming a cap layer comprising a dielectric material 
overlying the layer formed in said steps (e) and so 
that free hydrogen remains reduced in the layer formed 
in step 

(h) forming a channel in the cap layer formed in step (g) 
exposing a portion of at least one element of the 
semiconductor device; 

(i) forming an adhesion layer in the channel formed in 
step (h); and 
?lling said channel With a metal selected from the 
group of tungsten and copper after step 
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27. The method of claim 1, wherein said cap layer 
comprises dielectric material. 

28. A method for manufacturing a semiconductor device 
on a semiconductor substrate, comprising: 

(a) forming a hydrogen getter layer overlying the semi 
conductor substrate; 

(b) forming, at a ?rst temperature, one of an etch stop 
layer or a barrier layer overlying the layer formed in 
step (a); 

(c) annealing the layer formed in said step (b) at a second 
temperature higher than the ?rst temperature to reduce 
the amount of free hydrogen in said layer; and 

14 
(d) forming a cap layer overlying the layer formed in said 

steps (b) and (c) so that free hydrogen remains reduced 
in the layer formed in step 

29. The method of claim 28, Wherein forming the hydro 
5 gen getter layer comprises forming a P-doped ?lm. 

30. The method of claim 27, Wherein (the P-doped ?lm has 
a thickness in the range of about 500 A to about 2000 A. 

31. The method of claim 27, Wherein the P-doped ?lm is 
selected from the group consisting of a PSG ?lm, a BPSG 
?lm, a PTEOS deposited oXide ?lm, and a BPTEOS depos 
ited ?lm. 


